The amphipod Caprella mutica is one of the most rapidly invading species in Europe and has extended its range throughout North Sea and Celtic Sea coasts and the English Channel in less than fourteen years. It was first described from sub-boreal areas o f north-east Asia in 1935 and has since spread to both northern and southern hemispheres. The first European record was from The Netherlands in 1994. Since then it has spread within the North Sea and later to the west coast of Scotland and to Ireland. C. mutica is frequently associated with man-made structures and is found in abundance on boat hulls, navigation/ offshore buoys, floating pontoons and aquaculture infrastructure. It is highly likely that its dispersal is associated with vessel movements whilst attached to hull fouling. This species is expected to colonise the west coasts of France and Spain and offshore islands in the north-east Atlantic.
Introduction
The caprellid amphipod Caprella mutica Schurin 1935 ( Figure 1 ) is indigenous to sub-boreal waters of north-east Asia (Peter the Great Bay, Vladivostok, Russia) and was subsequently identified in the neighbouring Possjet Bay, Japan (Vassilenko 1967) and Akkeshi Bay, Japan (Arimoto 1976) . The first reports of C. mutica outside its native habitat were from the Pacific and Atlantic coasts o f North America in the 1970s (Carlton 1979 ) and 1980s (Marelli 1981 , Cohen and Carlton 1995 and a recent review of its global distribution has shown that within 40 years this species has spread throughout the northern hemisphere and it has recently been found for the first time in New Zealand (Ashton et al. 2007a) .
C. mutica is one of the largest caprellid amphipods, mature males attain body lengths of up to 50 mm (Nishimura 1995) . Females are highly fecund, producing their first brood approximately 53 days post-hatching at an average body length of 8.5 mm and at a seawater temperature of 13-14°C (Cook et al. 2007) . Each female has an average of two sequential broods released at approximately 20 day intervals. The maximum number of recorded hatchlings produced by a single female at a seawater temperature of 13.0±0.5°C is 82. Juveniles typically emerge from the brood pouch at a body length of approximately 1.3 mm (Cook et al. 2007 ). C. mutica is able to survive for up to 20 days without additional food under laboratory conditions (Cook et al. 2007 ) and tolerates temperatures of < 2°C to 28°C and salinities down to 19 psu over a short (48 h) exposure period (Ashton et al. 2007b) . C. mutica is an aggressive species, out-competing the native European caprellid Caprella linearis for space, even at low densities (Shucksmith in press). In the native range, this species is typically associated with either attached or drifting macro algae, including Sargassum spp. or aquaculture structures, such as the ropes used for the culture o f the macroalga Undaria spp. in Otsuchi Bay (Kawashima et al. 1999) . In regions outside its native range, it has been found associated with areas of anthropogenic activity, such as harbours, marinas, navigation buoys and aqua culture sites (W illis et al. 2004, Àshton 2006, K erckhof et al. 2007) .
Carlton (1979) suggested that C. mutica arrived on the Pacific and Atlantic coasts of North America either as a result of numerous independent cross-oceanic introductions with oyster spat, or from small scale transport following its first introduction (Carlton 1996) . Direct sequencing of mitochondrial DNA indicates that C. mutica was introduced to Europe either directly from Asia or from the Atlantic coast o f North America (Ashton 2006) . Opportunities for the spread of non-native species to Europe across the Atlantic have existed for more than 500 years with early exploration and the subsequent establishment of shipping routes (Stoner et al. 2002) . For a little more than a century ships' ballast water has C. mutica was first identified in European waters in 1994 in a harbour at Neeltje Jans in The Netherlands (M. Faasse, pers. obs.). In a review by Ashton et al. (2007a) its general occurrence in Europe is described. In this account, we report all known localities for this species in European waters and discuss the likely dispersal mechanisms involved in its further spread.
Methods and Materials
Published records and unpublished reports were consulted for verifiable material. Researchers w ith recorded sightings o f C. mutica were contacted for further information and if possible, specimens were obtained for confirmation of identification using the taxonomic key by Arimoto (1976) .
Results
One hundred and twenty-one records of Caprella mutica were found for European waters (Annex), including eleven new localities for 2007. Confirmed records for C. mutica are from the North Sea, English Channel, Irish Sea, the west coast o f Scotland and Ireland (Figure 2 ) and range from 49°29'N to 62°22'N and 10°04'W to 8°26'E. While C. mutica was not found at all localities surveyed within this range, the region comprising the greatest number of records was the south-western North Sea. There are presently no records for the Baltic Sea, the Iberian Peninsula or the M editerranean Sea.
The majority of the European records occur in areas with human activity, such as marinas, ports and shipping routes. In Norway and the west coast of Scotland, C. mutica is associated with aquaculture activity, principally fish cage netting and mussel lines. This species has also been found on natural substrata within the sub-littoral zone on the macroalga Plocamium spp. (K. Boos, pers. obs.) and attached to drifting surface accumulations of macroalgae (Ashton 2006).
Discussion
Dispersal of Caprella mutica within Europe has been rapid and represents -1,200 km range extension to the west coast of Norway and -1 ,000 km to the west coast of Ireland from where it was first recorded in The Netherlands. C. mutica has been found on boat hulls, fish cage netting, marina pontoons, navigation buoys, harbour structures and to attached floating macroalgae. Its abundance on artificial structures is notable and may explain its ability to spread rapidly. C. mutica lacks a planktonic stage, the young hatch onto the substrate in the form of small adults, and their long-range distribution most probably depends on the movement of floating artificial structures, such as vessels, whilst attachment to floating marine algae may account for more localised movements.
A genetic study indicates two likely routes for the introduction of this species to Europe, including cross-oceanic introductions either directly from Asia or via the Atlantic coasts of the United States (Ashton 2006). Shipping has been identified as an important pathway for the transoceanic introduction of non-native species (Drake and Lodge 2004) . Many of the areas in Europe where C. mutica has been introduced are close to busy ports suggesting that ballast water transport and/ or hull fouling could be involved. Living Caprella spp. have been found in ships' ballast tanks (Carlton 1985) and in sea-chests in a study in New Zealand (Courts et al. 2003) .
W ithin its native environment, C. mutica may be found attached to the macroalgae Ulva spp. and the filamentous Cladophora spp. and these are regularly found attached to ships hulls (Mineur et al. 2007 ). It has also been seen associated with other algae at high densities on recreational boat hulls (M inchin and Holmes 2006, G Ashton, pers. obs. and R Shucksmith, pers. comm.) and in the Adriatic Sea Caprella scaura is thought to have been spread on the hulls o f leisure craft (Sconfietti et al. 2005) .
Stock movements of cultured species have also been identified as one means of globally spreading non-native species (Ruiz and Hewitt 2002, M inchin 2007a (Tierney et al. 2004 ) and in Norway (A. Jelmert, pers. comm.) and navigation buoys in Belgium and The Netherlands (F. Kerchkof, pers. obs.) may be with movements of service craft. In California, USA, the appearance of C. mutica on oil platforms offshore is thought to be due to transmissions with service craft from harbours (C. Culver, pers. comm.). Such expansion to offshore facilities may create a 'stepping-stone' effect, thereby enhancing opportunities for further range extensions. Spread could also be aided by attachment to drift algae but it is unclear how far C. mutica could be dispersed in this way, although algal rafts are known to persist for long durations (Ingolfsson 1995) .
The present records of C. mutica all occur within the current global range of this species. Its tolerance to a wide range of temperatures and capability of surviving in marine to brackish water (Ashton et al. 2007b) would indicate that it is likely to expand its range further within Europe. It is unlikely to survive in the central and eastern Baltic Sea due to low salinities (FIMR 2006) , and based on current knowledge it is not expected to become established in the Mediterranean Sea on account of the high summer seawater temperatures (Cook et al. 2006) . The abundance of C. mutica on artificial substrata would indicate that conditions on such structures are in some way particularly suited for their survival and development, such as the lack of benthic predators. Should hull fouling be important in its range expansion it may be expected that their northward expansion in Norway will be slow, when compared with the north and west coasts of France and the Iberian Peninsula where there is a higher level of leisure craft and shipping activity. Other additional factors, that might limit their range expansion and/ or establishment in natural habitats include substrate features (Caine 1978), wave exposure (Takeuchi et al. 1987 , Guerra-García 2001 , high levels of predation (Guerra-García and GarciaGómez 2001) or port toxicity (Ohji et al. 2003) .
Conclusions
Caprella mutica has become established in the North Sea, west coasts of Scotland and Ireland, in the Irish Sea and English Channel in less than 14 years. Since this species has a tolerance for a wide range of temperature and salinity, it is likely that it will expand its current range further north in Norway, to several Atlantic islands, the Bay of Biscay and the Iberian Peninsula; but it may not become established in the M editerra nean Sea or in the eastern Baltic Sea, where salinities fall below 19 ppt. C. mutica is thought to expand its range rapidly either by attachment to vessels or with drifting algae. It out-competes native caprellids under laboratory conditions and it is likely to behave in the same way in the field where it attains high densities. W hilst the wider environmental implications of C. mutica have not yet been confirmed, it is likely that it has an important impact on benthic communities. 
